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I. ABSTRACT iThis report presents information on field investigations of experimental
polyurethane foam (PUF) roofing systems installed at the Naval Station, Roosevelt
Roads, P.R., and the Naval Facility, Cape Hatteras, N.C. The roof systems at Roosevelt
Roads included three different foams applied at two thicknesses, five protective coating
systems applied at thicknesses recommended by their manufacturer, and two different
mineral roofing granules applied in the wet topcoat. The majority of the housing units
were coated with acrylic and silicone coating systems, but urethane/hypalon, modified
urethane, and butyl/hypalon elastomeric coating systems were also used. The roofing
system installed on the Galley at Cape Hatteras was an acrylic elastomer coated PUF
roof applied over a modified bitumen membrane. At Roosevelt Roads, the butyl/hypalon-
coated system weathered the best. Energy consumption at Roosevelt Roads decreased at
most only 12 to 13% after foaming the roofs. The mineral roofing granules improved
weathering characteristics for the acrylic systems but not the silicones. At Cape Hatteras,
one-half of the acrylic-coated roof weathered very well, while the other half showed
extensive blisterin, v 
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foam (PUF) roofing systems installed at the Naval Station, Roosevelt Roads, P. R., and the
Naval Facility, Cape Ilatteras, N.C. The PUF roof systems were installed on 51 military family
housing units at Roosevelt Roads. These roof systems contained a number of experimental
variables including three different foams applied at two thicknesses, five protective coating
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roofing granules applied in the wet topcoat. The majority of the housing units were coated
with acrylic and silicone coating systems, but urethane/hypalon, modified urethane, and
butyl/hypalon elastomeric coating systems were also used. The topcoat of all coating systems
was white, except for the modified urethane, which was aluminum. Eighteen units had elec-
trical meters installed to determine energy savings associated with the foam roof installation.
The roofing system installed on the Galley at Cap Hatteras was an acrylic elastomer coated
PUF roof applied over a modified bitumen membrane. This report presents results of the
experimental PUF roofs after 4-1/2 to 5 years. At Roosevelt Roads, the butyl/hypalon-
coated system weathered the best. Energy consumption at Roosevelt Roads decreased at
most only 12 to 13% after foaming the roofs. The mineral roofing granules improved
weathering characteristics for the acrylic systems but not the silicones. At Cape Hatteras,
one-half of the acrylic-coated roof weathered very well, while the other half showed extensive
blistering.

Library Card

Naval Civil Engineering Laboratory
EXPERIMENTAL POLYURETHANE FOAM (PUF) ROOFING SYS-
TEMS - III: NAVAL STATION, ROOSEVELT ROADS, PUERTO
RICO, AND NAVAL FACILITY, CAPE HATTERAS, NORTH CARO-
LINA, by S. R. Conklin, D. A. Zarate, and R. L. Alumbaugh
TN-1742 60 pp illus January 1986 Unclassified

1. Polyurethane foam 2. Weathering performance 1. Z0371-01-112B

This report presents information on field investigations of experimental polyurethane foam
(PUF) roofing systems installed at the Naval Station, Roosevelt Roads, P.R., and the Naval Facility,
Cape tlatteras, N.C. The PUF roof systems were installed on 51 military family housing units at
Roosevelt Roads. These roof systems contained a number of experimental variables including three
different foams applied at two thicknesses, five protective coating systems applied at thicknesses
recommended by their manufacturer, and two different mineral roofing granules applied in the wet
topcoat. The majority of the housing units were coated with acrylic and silicone coating systems,
but urethane/hypalon, modified urethane, and butyl/hypalon elastomeric coating systems were also
used. The topcoat of all coating systems was white, except for the modified urethane, which was
aluminum. Eighteen units had electrical meters installed to determine energy savings associated with
the foam roof installation. The roofing system installed on the Galley at Cape Hatteras was an
acrylic elastomer coated PUF roof applied over a modified bitumen membrane. This report presentsl
results of the experimental PUF roofs after 4-1/2 to 5 years. At Roosevelt Roads, the bityl/hypaloni
coated system weathered the best. Energy consumption at Roosevelt Roads decreased at most only
12 to 13% after foaming the roofs. The mineral roofing granules improved weathering characteristics
for the acrylic systems but not the silicones. 
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INTRODUCTION

Since 1973, the Naval Civil Engineering Laboratory (NCEL) has con-
ducted extensive investigations of sprayed polyurethane foam (PUF) roof-

ing systems (Ref 1 through 8). Initial investigations involved experi-

mental field studies at the Naval Reserve Center, Clifton, N.J. (NRC

Clifton) (Ref I and 2), small scale studies and laboratory studies at
NCEL (Ref 3 through 5), and fire tests of PUF roof systems applied

directly to metal decks at the Underwriters Laboratories (Ref 6). Other
NCEL documents provided guidance on how to use and apply sprayed poly-

urethane foam roofing systems (Ref 7 and 8). The excellent insulating

characteristics and potential energy conservation when used as a roofing
system made the PUF materials most attractive. However, the long term

* •weathering durability and the maintenance costs of these systems under
field conditions in varying climates was of considerable concern.

Results of the initial field experiments at NRC CLifton, a colder
weather area during the winter months, showed a 54% reduction in the

amount of natural gas used for heating in the 8 years following appli-

cation of the experimental PUF roofs (Ref 2). This study also showed

that PUF roof systems with appropriate elastomeric coating performed
very well over this period with only minimum maintenance. Maintenance
of PUF roofs were investigated in detail and preliminary guidelines were

presented in Reference 5.
It was desired to determine potential energy savings in other cli-

mates where electricity for air conditioning is a major family housing
expense. Weathering performance of PUF systems in milder climates was

also of considerable interest. This document reports findings, conclu-
sions, and recommendations resulting from field inspections of experi-
mental systems installed on roofs at the Naval Station, Roosevelt Roads,

P.R., and the old Naval Facility, Cape Hatteras, N.C.
This is the final planned report covering the full scale field

experiments on PUF roof systems at Roosevelt Roads, P.R., and Cape
7 Hatteras, N.C. The results and recommendations of this effort were used

in the preparation of NFGS 07545 (July 1984), Sprayed Polyurethane Foam
(PUF) for Roofing Systems; the revision of NFGS 07540, Fluid-Applied

Elastomeric Coating over Polyurethane Foam (PUF); the revision of MO-113,
Inspection, Maintenance and Repair of Roofing Systems; and will be used

in the revision of DM 1.5, Roofing and Waterproofing.
In addition to this report, an update of TN-1496 (Ref 3) is near

completion. This update will provide performance information on PUF
roof systems exposed on small scale laboratory specimens (2 feet by
4 feet in size) at three different exposure sites. Results of the

*Y update will complement the information contained in this current report
in that it will include additional performance data on PUF roof systems

reported herein. Finally, a User's Guide for Polyurethane Foam (PUF)

Roof Systems has been prepared and will be available soon.

'.
-I
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BACKGROUND

During the past 10 years, there has been increasing emphasis to
improve the energy efficiency of buildings by adding additional insula-
tion. In building roofs, this has been accomplished by increasing the

thickness of the insulation in built-up roof (BUR) systems and the resul-
taut R-value. Concern was expressed within the roofing industry that

additional insulation beneath the BUR membrane would shorten its life.
Theoretical and experimental data have shown that membranes applied over
insulation with higher R-values tend to develop somewhat higher temper-

atures (Refs 9 and 10). However, there has been no experimental evi-
dence that this has been the cause of early failure of BURs. These
failures result from a number of causes but mostly involve improper
materials and poor workmanship.

The many problems with conventional roofing and the excellent insu-

lating characteristics of PUF led to NCEL's original investigation of
polyurethane foam as an alternative roofing material. The first of the

investigations involved the experimental PUF systems already mentioned

at NRC Clifton. This was the first of several cooperative programs with
the Engineering Field Divisions of the Naval Facilities Engineering

Command (NAVFAC).
Sprayed PUF roof systems were first applied in the early to mid-70s

at Roosevelt Roads, where blistering of the foam from the substrate and
early coating failure were occurring. This led NCEL and the Atlantic
Division (LANTDIV) of NAVFAC to develop a cooperative experimental pro-
gram to determine causes and remedial actions.

Commander Oceanographic Systems Atlantic (COMOCEANSYSLANT) was
experiencing problems with roofs on their facilities because of widely
varying climates throughout the Atlantic Ocean area. In 1976,
COMOCEANSYSLANT tasked NCEL to test experimental roofing systems at the
Naval Facility, Cale Hatteras, N.C., located adjacent to the Atlantic
Ocean on the outer banks of North Carolina.

EXPERIMENTAL PUF ROOFING SYSTEMS

Naval Station, Roosevelt Roads, P.R.

During the period from late 1978 to early 1979, various PUF roofing

systems were installed on 51 houses as part of a station contract for

roofing military family housing. The cooperative program developed at
NCEL was designed to determine the effects of varying experimental param-
eters. These included three different polyurethane foam materials

applied at two different thicknesses, five different types of coating
systems applied at different coating thicknesses, and two types of min-

eral roofing granules. One of the granules was specially treated to
give them fungicidal properties.

Electric meters were installed on 18 houses to determine compara-
tive electrical power usage. Twelve meters were installed about 8 months

before the units were foamed, while the other six meters were installed
after foaming. The NRC Clifton test site demonstrated that applying a
PUF roof system provided a 54% reduction in heating with natural gas

.
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(Ref 2). It was desired to determine potential electrical energy savings
for air conditioning resulting from application of PUF roofs in a tropi-

cal environment.
Table I provides details on the various PUF roofing systems applied

to the 51 housing units, and this information is summarized in Table 2.
Additional details on the PUF, the coatings, and the granules are pre-
sented in Appendix A. Each variation of a given PUF roof system was
applied to three separate housing units. The foam on most of the housing
units was specified at 1-1/4 inches thick but in many cases was applied
2 to 3 inches thick. The foam thickness on six units, one group coated
with acrylic and the other with the silicone systems, was specified to
be 3 inches thick. In many cases, the foam thickness was 4 to 6 inches
thick. The 1-1/4- and 3-inch foam thicknesses were specified to deter-
mine the optimum foam thickness for maximum energy conservation.

The majority of housing units were coated with either acrylic or
silicone elastomeric coating systems, the most commonly used coating
systems at the time the cooperative tests were designed. The foam thick-
ness, coating thickness, and use and type of mineral roofing granules

4 -4were varied only in those groups coated with these two coating systems.
The other three coating systems were each applied to only to one group

0 •of (three) housing units in which the foam thickness was specified at
1-1/4 inches, and none were surfaced with mineral roofing granules.

Figure 1 depicts a typical family housing unit included in the
experiment. Roof decks are low-slope structural concrete in all cases.
Houses are located in a semi-tropical environment near the sea shore
with tropical landscaping - including numerous palm trees and dense

shrubbery.
NCEL and LANTDIV personnel visited and inspected the family housing

.* at Roosevelt Roads in late 1976. NCEL developed experimental plans for

the cooperative tests in early 1977, and plans and specifications were
prepared by the LANTDIV Design Division. As noted above, the experi-

mental roofs were applied in late 1978 and early 1979. The application
was monitored by personnel from the office of the Resident Officer in
Charge of Construction (ROICC).

NCEL inspected, rated, and photographed 31 of the PUF roof systems

in September 1979 (approximately 1 year after application) and all 51 of
the roofs in March 1983 (approximately 5 years after application). Ran-
dom samples of the protective coatings were taken for laboratory examin-

ation; the coating thicknesses determined by microscopic examination are
given in Tables 1 and 2. Results of the two inspections are given in
Table 3 and summarized in Table 4.

* Naval Facility, Cape Hatteras, N.C.

Five different types of roofing systems were selected by NCEL for
the Cape Hatteras tests. Only one of these was a sprayed-foam system,
and its performance is reported here. The buildings at the Cape Hatteras
site were small, single story units of concrete block. The roof decks
were essentially flat, consisting of gypsum concrete planks supported by
steel bar joists. The existing roofs were gravel-surfaced, built-up
roofs applied over 1 inch of insulation, hot mopped to the gypsum plank.
Figure 2 shows an overview of the old BUR on the Galley.

m 3



The sprayed foam roof was a variation on a conventional PUF roof
called Energy Efficient Rated Roofing System (EERRS) and covered by U.S.
Patent No. 4,016,323. The variation consisted of applying a self-adhering
membrane (SAM) to the roof deck and spraying the foam on the SAM, rather
than directly on the roof deck. The SAM is a modified bitumen membrane
with adhesive backing applied during manufacture. This system was
applied to the Galley. The as-built drawings showed that the BUR was
constructed as described above, i.e., the insulated BUR was applied
directly to the gypsum plank roof deck. The contract specifications
called for tearing off the old roof down to the gypsum plank, priming
the roof deck, and attaching a self-adhering membrane (Material D,
Appendix A) to the primed deck and the edge flashing (foam stop). The

SAM served a dual purpose. First, the SAM provided a rapid means of
waterproofing the roof that could be installed more rapidly than the PUF
roof or a BUR. Second, the SAM provided a good vapor retarder on a roof
deck over a high humidity area, the Galley.

When the old roof was torn off, the insulation was attached to a
poured gypsum concrete roof deck rather than gypsum plank. Because of
this, the SAM was adhered directly to the poured gypsum concrete and the
foam stop rather than the gypsum plank and the foam stop (Figure 3).
The western portion of the gypsum concrete deck was subjected to an

unexpected rain storm after the BUR was removed and before the SAM was
attached. This caused substantial leaking and wetting of the gypsum
concrete. The SAM did not adhere well to the gypsum concrete in one
area because it was damp. Figure 4 shows a w' kman removing the SAM
(with PUF attached) from the gypsum concrete in the area before the
repairs.

The 2-17/4 inches of PUF were applied directly to the SAM

(Figure 5). The foam was A4 (see Appendix A), which was similar to foam
Al used at Roosevelt Roads except that the density was 2.5 lbs/ft 3 and
the compressive strength was 42 psi. The elastomeric coating system was
the same acrylic elastomer as that used in the Roosevelt Roads tests,
Bl, and was applied in three coats to a minimum dry film thickness (DFT)

of 25 mils (Figure 6). Mineral roofing granules were sprinkled into the
wet topcoat at the rate of 45 pounds per square. Additional information

on the materials used is provided in Appendix A. The PUF roof system
was applied during the latter part of 1978. Personnel from the U.S.
Army Construction Engineering Research Laboratory (CERL) monitored appli-
cation of this roof as part of their research on roofing systems, and

some of the figures were supplied by them.
After the PUF roof system was installed, the foam started to separ-

ate from the flashing around the perimeter of the roof. One section of
the roof perimeter was repaired by removing the loose foam and refoaming
that area. However, the separation occurred again, and additional separ-

ations also occurred in other areas. The roofing contractor investi-
gated the problem and suggested that the SAM was pulling away from the
edge because it had not been mechanically attached. As the membrane
pulled back from the edge, the foam also was pulled away (See Figure 7).
The roofing contractor solved the problem by removing the foam and mem-

brane completely from about 1 foot back from the flashing around most of
the roof's perimeter. That area was then refoamed using 5 lb/ft 3

density foam and recoating with the acrylic elastomer coating (See

Figure 8).



RESULTS AND DISCUSSION

Roosevelt Roads, P.R.

General Evaluation. The condition and performance of the experi-

mental roofing systems were determined by walking all areas of each roof,

noting and photographing defects or deterioration in the protective coat-
ing and the polyurethane foam, and assigning weathering performance

ratings. Coatirg system defects included: visible pinholing, flaking,

blistering, peeling, bird pecking, chalking, erosion, and cracking.
Foam defects included: blistering, delamination, degradation, and ero-

sion.

The roof system of each of the units was rated individually and
U these ratings are given for the 1- and 5-year exposure periods in Table 3

and summarized for each of the coating systems in Table 4. Ratings were
assigned on the following basis:

E = Excellent; the system is in excellent condition with little
or no coating or foam deterioration.

VG = Very good; the system is performing very well and shows only

minor coating or foam deterioration (i.e., less than 5%).
Minor annual maintenance will usually extend the time before

more extensive maintenance is needed.

G = Good; the system is performing satisfactorily but coating or
foam deterioration is nearing a point (i.e., less than 10%)

were minor repairs should be carried out in the near future

to prolong the need for total recoating.

F = Fair; the system is showing moderate coating or foam

deterioration (i.e., greater than 10%). Moderate repairs,
including recoating, may be required in the near future to

prevent more severe deterioration.

P = Poor; the system has numerous areas showing moderate to severe

coating or foam deterioration. Major repairs, such as

scarfing, adding foam, and recoating are required to prevent
total system failure. In the most severe cases, replacing the

total system may be required.

The inspections showed that some of the deterioration was directly
attributal to physical abuse. This included punctures from installing
roof-mounted television and radio antennas (see Figures 9 and 10). Such

abuse was present on at least 35% of the units. Also, considerable damage
was caused by tree limbs rubbing on the roofs (see Figures 11 and 12)

and plants growing in the foam where excessive amounts of leaves and
debris had accumulated (see Figures 13 and 14). Although the severity
of these kinds of damage in many cases required major repair or replace-

ment, the ratings did not take into account this physical abuse.

Although PUF roof systems can be more vulnerable to physical damage than
other roofing systems, all roof systems, including built-up roofing or
single-ply roofing, will suffer from such abuse.

4 5



The following paragraphs provide information on various areas where

system defects were observed and discuss the performance of the roofs
according to the generic types of coating systems.

Flashings. Steel angle iron supports for solar collectors were
installed after the PUF systems had been applied. In nearly all cases,
the ;ilicone coated PUF applied by the solar contractor as flashing around

each leg support was in excellent condition. The silicone coating had
been generously applied, overlapping the adjacent acrylic coated sur-

'. faces (See Figure 15). The silicone coating bonded well to the acrylic
- elastomer coating and appeared completely compatible.

By contrast, most PUF flashings around other vertical projections
or penetrations (pedestals for electric service drops, pipes, etc.) were

defective as shown in Figures 9, 16, and 17. The foam was not properly
applied to form a smooth transition from the roof deck up and around the
projections or penetrations. In addition, the rougher foam surface was
not coated to a proper dry film thickness to provide adequate protection.
The foam around penetrations should be coated with at least two addi-
tional coats of elastomeric base coat or with a compatible caulking com-
pound in order to protect the PUF from weathering. This was done around
the angles of the solar units but not around the other penetrations or
projections.

The eyes for fastening guy wires for TV antenna masts to the con-
crete deck were foamed over. Consequently, any movement in wires from
the wind or by occupants when taking the mast down damaged the coating
and the foam. ANTENNAS SHOULD NOT BE PLACED ON THE ROOF; however, in
the few cases where this might be necessary, fastening brackets should
be replaced so connecting guy wires would take place above the level of
the PUF roof system.

Bird Pecking. Damage from bird pecking was minimal. Yearly inspec-
tions and concurrent caulking of holes should control this problem.
Using newer and tougher urethane elastomer coatings and mineral roofing
granules on coatings that are less tough can also help control bird peck-

ing problems.

Terminations at Roof Edges. All systems showed some deterioration
where the PUF was "feathered" or tapered off about 18 inches from the

edges of the roof. Figure 18 shows the typical mildew attack along the
feathered edge after I year of weathering. This condition became more
severe with continued exposure, and deterioration of the foam and coat-
ing often occurred. The cost of properly maintaining this thin vulner-
able part of the system would probably far exceed any initial savings
possible from not foaming out to a foam stop at the edgo of the roof.
Future repairs should include (1) cutting away the deteriorated area to
expose good quality, well bonded foam, and (2) brush coating the cut

*foam surfaccs with a double thickness of protective coating extending
out to the edge of the roof deck.

6
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System Evaluations

System I - Acrylic. About 60% of the acrylic coated foam roofs
had a 5-year overall rating of good or better, even though none of the
protective coating systems appeared to meet the 30-mil minimum DFT speci-
fied for the two coat system. Thicknesses of samples taken from 11 of
the 21 roofs in this group averaged only about 13 mils DFT, less than
half that required. Systems with mineral roofing granules embedded in
the topcoat performed better as a group than those without the granules
(see Figures 19 and 20); most of the systems rated poor to fair did not

have the granules (see Tables 3 and 4). Roofs with fungicidnI granules
were generally lighter in color and were rated somewhat higher in overall

performance than roofs with regular granules.
In several of the units, the acrylic coating had blistered and

cracked. However, differences were not noted with the two foams used.
The surface texture of the foam on all units was "verge-of-popcorn" or

smoother.
Half of the roofs in this group had been subjected to some type of

physical damage and had puncture patterns as shown in Figures 21 and 22.
4 These punctures may have been caused by the mast of a TV antenna or other

conduit like pipe. Bird pecking was not a problem with this system and
was observed only on one of the units. Abrasion damage by tree limbs
was noted on six of the units, and nearly half of the units had exces-
sive accumulations of dead leaves from overhanging trees as shown in
Figures 11, 13, and 14. Such accumulation of leaves and other debris
can deteriorate any roofing membrane because the retention of moisture
in the debris promotes gradual deterioration of the membrane and plant

growth. The roots of plants often penetrate the membrane, allowing water
to seep into the insulation. Debris, tree limbs, and other foliage
should be removed during an established maintenance program.

Deterioration and mildew growth were prevalent where PUF systems
were terminated about 18 inches from the edges of the roofs (see Figures

18 and 23). Had the PUF systems been terminated along the roof edges by
overlapping the protective coating onto the concrete roof deck at least
4 to 6 inches, this defect would probably not have occurred.

System 2 - Silicone. Slightly over half of the 21 PUF systems

coated with silicone were given an overall rating of good or better after
5 years of weathering (see Figures 24 and 25). The silicone systems
with mineral roofing granules in the topcoat, unlike the acrvlics (Sys-
tem 1), did not perform as well as those without granules (see Table 4).
The systems with the fungicidal granules performed better than systems

with regular granules and four of the six systems with fungicidal grain-
6les were rated good.

The poorer performance of the silicone systems appears associated
with the lack of coating thickness. The specification called for two
different coatig thicknes-acs both to he applied in two coats. The first
k,,rotip ot units was to have a minimum DFT of 15 mils while the second was
to bell mlils. The DFT of coatings measured from random samples of seven
,_'stems was again less than specified. Based on the random sampling,
the systems spccified at 15 mils DFT averaged only 8-9 mils while those

specified at 22 mils DFT averaged only 15 mils. When granules are embed-
ded in silicone coatings at less than minimum thickness, performance is

* 7



.5'. ~. diminished rather than enhanced because the granules tend to cause breaks
or holidays in the membrane. Results of these tests provide further
evidence that the minimum DFT of 30 mils recommended by NCEL is required
to assure proper performance. Further, when granules are specified,
they should be embedded in the topcoat only after two coats of the sili-
cone with a minimum DFT of 20 mils have been applied.

In general, defects on the silicone systems were comparable to those
found on roofs coated with System I acrylics. Blistering and cracking
of the coating were noted on 14 of the 21 units, a somewhat higher per-
centage than noted on the acrylic roofs. Foam surface texture was
slightly better than with System I, with 20 of 21 units having a surface
texture of coarse orange peel or smoother.

ihysical abuse of the silicone coatings was more severe than with
the acrylic systems. Palm tree abrasion, such as that shown in Figure
12, occurred on 10 of the 21 roofs, again somewhat higher than with the
acrylics. Bird pecking, although not a serious problem, was observed on
six of the units. The silicone-coated PUF flashing seals around legs of
solar collector supports were in excellent condition, which again shows
that the system will perform very satisfactorily when properly coated

"S (see Figure 15).

System 3 - Catalyzed Urethane/Hypalon. This system on all
three units was rated fair to good, which was somewhat less than the
rating of the silicone in System 2. This poorer performance was attrib-
uted primarily to the lack of sufficient coating thickness in some places
and heavy fungal growth in the rough, "verge-of-popcorn" surface texture
of the PUF (Figures 26 and 27). The surface textures of the three roofs
varied from popcorn to coarse orange peel.

The contract specification required 15 mils DFT of catalyzed-urethane
base coat and 5 mils DFT of hypalon topcoat for a total system DFT of 20
mils. The coating thickness varied from 8 to 25 mils DFT depending mostly
on the surface texture; the average thickness was about 14 mils DFT.
The roof with 25 mils DFT was in good condition. In areas where the
coating was unacceptably thin (15 mils or less), severe pinholing and
chalking were observed. Hypalon by nature tends to chalk rather heavily,
so this was not unexpected.

-ecause of its toughness, this system was much more resistant to
physical abuse than either the acrylic or silicone systems. There was
no evidence of bird pecking or TV mast puncture, and only one unit showed
qny evidence of puncture (Figure 27) or tree limb abrasion.

Although there were only three houses involved, this type of system
appears to have good potential if properly applied over a smoother surface
texture such as coarse orange peel or better. This particular system is
no longer available as an off-the-shelf item. However, any quality,
catalyzed, aromatic urethane base coat with either a hypalon or a cata-
lyzed, aliphatic urethane topcoat should perform well. Adding fungicidal
granules, although not usually required over the urethane systems, could
have increased the effectiveness of the system. A catalyzed aromatic/ali-
phatic urethane system with granules has performed very well at the NRC,
Clifton test site (Ref 2). It should be noted again that granules should
only be applied to the wet topcoat after a required minimum dry film
thickness has been obtained with base and intermediate coats.

8



System 4 - Catalyzed Modified Urethane. This system was to

consist of 40 mils DFT of catalyzed, modified-urethane base coat and

approximately 8 mils DFT of catalyzed, aluminum-pigmented, modified ure-
thane topcoat for a total DFT of 48 mils. Samples that were taken ranged
from 8 to 35 mils total DFT. This system exemplifies the fact that an

unsuitable and inadequate coating system applied below the minimum
acceptable dry film thickness can result in complete failure of the
total PUF roof system. Degradation of the system was noted after less
than I year of weathering. After 5 years of exposure, half of the coat-
ing had crazed, peeled, and disappeared, leaving the foam exposed and

degraded to a dark brown color.
All three units showed evidence of coating cracking, holes, punc-

tures, and severe abrasion by tree limbs (see Figures 28 and 29). No
bird pecking was observed. The foam surface texture ranged from popcorn
to orange peel. Despite the system failure and formation of pockets of
rain water, no leaking occurred. No repair methods appeared feasible
and completely removing and replacing of this system was required on all

three units.

System 5 - Catalyzed Butyl, Hypalon. This system on all three

test units was in very good condition; the overall ratings ranged from
good to excellent. This system was judged best of the five systems
tested (see Figures 17, 30, and 31). Some bleeding of the base coat
into the topcoat occurred on one unit, probably because the topcoat was

applied before the base coat had cured. This was the only defect noted
on this system and did not appear to affect the coating's performance.
The foam's surface texture was very good ranging from coarse orange peel

to orange peel or smoother.
The specification called for 19 mils DFT of butyl base coat and

4 mils DFT of hypalon topcoat for a total DFT of 23 mils. Sample cuts
indicated compliance with the 23 mils. This excellent coating perform-

ance again emphasizes the need for applying the coatings to the minimum

acceptable thickness specified.

*, Electrical Consumption at Roosevelt Roads. The units in which meters
were installed are listed in Table 1. One of the 18 units had an elec-

trically heated kiln that used a disproportionate amount of electricity
and this usage was not affected by application of the PUF. As a result,
these data were not included in the compilations used to determine energy
savings.

Meter readings were taken on each of the 17 units on a monthly basis
by the Public Works Department, Naval Station Roosevelt Roads, P.R., and

the data forwarded to NCEL. Monthly electrical consumption readings for
the 17 units included in the study are presented in Appendix B for 28
months, and a synopsis is presented in Table 5.

Units 2B to 2F were foamed before having meters installed while
units IP to IR, 2P to 2R, and IA to IF were foamed after the meters were

installed. Units 2B to 2F and IA to IF had 1-1/4 inches of foam speci-
fied with actual thickness varying from 2 to 3 inches. Units IP to IR

and 2P to 2R had 3 inches of PUF specified with actual thicknesses vary-
ing from 4 to 6 inches. The two different thicknesses of foam were spe-

,' cified to determine the optimum foam thickness for maximum energy con-
servation.

l, 9
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Electrical consumption data were analyzed in the following manner.
When energy consumption exceeded 990 kW-hr/month, it was assumed that
air conditioning was used regularly. The basis for this assumption was
a marked jump in energy consumption from 700-800 kW-hr/month to 990
kW-hr/month and over. In all of the data collected and analyzed, there
were only four or five instances that any one unit exhibited energy con-
sumption between 800 and 990 kW-hr/month.

The housing units were not occupied continuously. Some units were
occupied only for a fraction of the time that the meters were monitored.
The electrical data were included only when the units were occupied. In
addition, the data are included in the averages only when the usage
exceeded 990 kW-hr/month as noted above.

A study of the data in Appendix B and in Table 5 shows that the

energy consumption data for the two sets of units that were metered
before foaming were fairly similar, 2,765 and 2,695 kW-hr/month. Since
the monthly electrical consumption on these two groups of units was so
similar, it seems appropriate to average these and use this average as
the the energy consumption before foaming for the group of units that
were metered after foaming. In this manner all three groups of units

* can be compared on a before and after foaming basis.
In order to simplify the discussion, the unit groupings - 5, 6, and

6 units - are listed as groups A, B, and C. The A units include system
numbers 2B to 2F; the B units system numbers IP to IR, and 2P to 2R; and
the C units system numbers 1A to IF. Table 5 shows that energy consump-
tion for unit groups A (2 to 3 inches of PUF) and B (4 to 6 inches of
PUF) decreased by 13 and 12%, respectively, after the roofs were foamed.

-i .Group C units with 2 to 3 inches of foam, actually consumed 6% more
energy after the roofs were foamed.

The reason for this increased energy consumption can be attributed

to any of several different causes. Perhaps one of the most likely
causes is the fact that the electrical consumption data were collected
during the 8 to 9 months of cooler fall, winter, and spring weather when
air conditioners were not operating. Had the "before" data been col-
lected during the summer months and over at least a 2-year period, we
believe that the results would have shown a reduction in electrical con-

' ~sumption rather than an increase.
Other causes include the fact that over the 2- to 2-1/2-year period

that the data were collected, more than one family often lived in each
of the units. This resulted in different living habits, different appli-
ances, different numbers of window air conditioners, and, hence, dif-
ferent electrical energy consumption. Finally the tightness of the
units is important. With the roof foamed, other sources of energy loss
must be investigated. The units had jalousie windows that permitted a
moderate degree of air infiltration and resultant energy loss.

Wben all of the above are considered, it is not surprising that the
group C units increased their energy consumption after the roofs were
foamed. Similarly, it is not surprising that the energy consumption in
groups A and B decreased only 12 to 13 % after foaming, even though we
believed that a considerable higher reduction would be realized. When
groups A and B are compared to each other, 2 to 3 inches of foam versus
4 to 6 inches, there was little if any difference in energy consumption.
This suggests that in such a case, 3 inches of fop-u is the optimum for
electrical energy conservation with these particular units.

@4 10



Cape Hatteras, N.C., Roofing

The performance of the PUF EERRS on the Galley at Cape Hatteras was
determined periodically by noting and photographing any defects or deter-
ioration of the roof system. Inspections were conducted after the roof
had weathered for 1, 2 and 4.5 years. Results of the inspections are
given in Table 6. After I year of exposure, the roof system was per-
forming well and was rated VG to E (see description of rating system).
The foam was well bonded to the edge, but there were a few small blis-

-. ters between the lifts of foam (Figure 32).
1- After 2 years of weathering, the foam was still well bonded to the

foam stop and no separation was noted anywhere around the perimeter of
the building. There was blistering, mostly on the westerly half of the

I aroof, and some of the blisters were as large as 8 inches in diameter.

Some of the larger blisters exhibited an alligator pattern in the coat-
ing. The overall performance of the roof had diminished and was rated
as VG to G.

After the 4.5 years of exposure, the Galley roof was divided in two.'.-- - for rating purposes because there was such a distinct difference in per-

O formance between the two halves of the roof. The westerly half had one
,2, small section along the perimeter where the foam was pulling loose from

the edge where repairs had not been made, i.e., the foam and membrane

had not been cut out and refoamed with 5 lb/ft 3 density foam. In addi-
tion, the amount and size of blisters had increased. There were at
least 100 blisters ranging from 3 to 12 inches in diameter. Some of the
blisters again exhibited an alligator pattern in the coating while others
exhibited cracking of the coating and foam. None of the blisters had
ruptured, and they again appeared to be between the lifts of foam. The

.ry westerly half of the roof was rated F to G in spite of the blistering
because the roof was not leaking.

The easterly half of the roof was still performing well and was
rated VG. Only one small blister was seen and there was no evidence of

cracking foam around the edge. No other form of roof deterioration was
observed.

" . There appears to be several reasons why one half of the roof per-
formed much better than the other half. The easterly half was applied
first by one of the contractors. While there were problems with crack-

* ing of the foam around the edge of the roof on the easterly half, this
was repaired and caused no additional problems. Although the weather
was far from optimum, the easterly half apparently was applied during

better weather than the westerly half.
As noted earlier, the westerly half of the roof was open during an

unexpected rainfall which soaked the gypsum concrete fill. The SAM was
fr applied before the concrete fill was dry, and this probably accounted

for more edge cracking problems in this area because the SAM did not
adhere well to the damp concrete fill. The moisture present may also
have contributed to the blistering problem. Finally, the application
was made at a different time by a different applicator. It appears that
some of the lifts of foam were applied over previous lifts that were not

a* completely dry which would also account for heavy blistering. Polyure-
r- thane foam must be applied on a dry substrate; otherwise, bonding of the

foam is diminished.

.' . -



The cracking foam around the edges was basically caused by the SAM
shrinking and pulling back from the edge. Although the SAM was bonded
to the foam stop, its shrinkage still caused the foam to pull away from
the foam stop and crack. This problem could have been prevented by
mechanically fastening the membrane through the foam stop to the wooden
nailer underneath.

FINDINGS AND CONCLUSIONS

Naval Station, Roosevelt Roads, P.R.

1. A 23-mil DFT vapor impermeable coating system (a catalyzed butyl/
hypalon, System 5) performed very well and provided very good protection
to the sprayed foam for at least 5 years with little or no maintenance.

2. The two vapor permeable coating systems included in the experiment
(System 1 - acrylic, and System 2 - silicone) performed only moderately
well for the 5-year exposure period. While the acrylic-coated PUF system

* performed slightly better than the silicone-coated PUF, neither of these
.* performed as well as the butyl/hypalon coated system, System 5. Initial

considerations suggest that the impermeable coating systems perform some-
.' what better than vapor permeable systems in this hot, humid environment.

While the coating permeability probably has some affect on system per-
formance, the thickness of the permeable coating systems averaged only
about half of the specified coating thickness. We believe that this
aspect is more important than the permeability of the coatings.

3. The urethane/hypalon and the hydrocarbon-modified urethane coatings,

Systems 3 and 4, respectively, were also only half to two-thirds the
specified coating DFT. The lack of coating thickness was again
reflected in the systems' performance where Systems 3 and 4 were rated G
to F, and P, respectively. System 3 provided the same degree of per-
formance as the thicker silicone system. A similar urethane system
(21 mils DFT) performed well in the NRC, Clifton tests. System 4 had

Y-. the poorest performance of the five coating systems tested, which rein-
forces results obtained with this system in the NRC Clifton tests.

4. A minimum coating thickness is necessary for optimum PUF system per-
formance. Results strongly support previous work at NCEL suggesting
that the minimum DFT should be 30 mils.

5. Mineral roofing granules in the topcoat improved the systems' per-
formance when applied over base coats of sufficient thickness. Fungi-
cidal granules provided better weathering performance than regular
granules in hot, humid environments.

V>..-t 6. TV antennas placed on any type of roof system can damage the system.
This is particularly true on PUF roofs where the antenna masts were
"walked" across the roof.

12
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7. Featheredging the foam inside the edge of the roof is not an accept-
able method of roof edge termination. The foam should be applied at
full thickness to the edge of the roof or into a foam stop either at the
edge of the roof or back at the exterior wall line.

8. No difference in performance was noted either between the three dif-
ferent foams or the same foam applied at the two different thicknesses.

9. For housing units with jalousie windows, optimum energy conservation
is obtained with 1-1/2 to 3 inches of foam.

Naval Facility, Cape Hatteras, N.C.

1. A 25- to 30-mil DFT acrylic coated foam roof with mineral granules
performed very well for at least 5 years without maintenance when properly
applied.

2. When a modified bitumen membrane is applied underneath a sprayed PUF
roof, mechanically fasten the membrane around the perimeter of the roof
to prevent it from pulling the foam away from the foam stop. If the
modified bitumen membrane is self-adhering, the roof substrate must be
free of moisture to assure good adhesion.

RECOMMENDATIONS

1. The minimum DFT for any elastomeric coating system for foam should
be at least 30 mils. Mineral roofing granules should be embedded in the
topcoat of silicone and acrylic coating systems to improve performance.
Fungicidal granules should be used in hot, humid environments.

2. Water-based, elastomeric coatings such as the acrylic coatings tested
should not be used in hot, humid environments where they may not cure
properly. Vapor permeable coatings should not be used on roofs with
less than 1/2-in./ft slope because ponding water can be a problem.

3. For maximum energy conservation, when using air conditioners in hot,
humid environments, air infiltration should be minimized by tightening
the structure and replacing jalousie windows with a closed window. Two
to 3 inches of foam should be used to provide maximum energy conservation
in semitropical environments.

4. Foam should be applied into foam stops rather than featheredged around
the perimeter of a roof. Foam in the foam stops and at flashings around
penetrations in the roof should be coated with two additional coats of
elastomeric coating or an application of a compatible caulking material
before the topcoat is applied.

5. TV antennas should not be installed on PUF roofs but mounted on poles
driven into the ground and attached to the roof's edge.

13
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6. Trees and other foliage, which grow rapidly over roof decks in tropi-
cal or semitropical environments, should be trimmed periodically and all
leaves and other debris removed to prolong the roof's life.

7. An annual inspection should be performed to identify and develop
maintenance programs and repair requirements for each roof. Minor punc-
tures and other defects should be corrected during the inspection by
simply patching them with a compatible caulking material as the inspec-
tion progresses. Larger areas should be repaired, maintained, or refur-
bished as recommended in Reference 5.
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Table 5. Electrical Energy Savings After Foaming

at Naval Station, Roosevelt Roads, P.R.

Foam Average Monthly Electrical• • • Fam
.', ~.Unit Consumption a 990 kW-hr Change

Grou g Thickness(%)
Grouping (in.) Before Foaming After Foaming

A 1-1/4 2 ,7 30 a 2,377 -13

(5 Units)

B 3 2,765 2,437 -12
(6 Units)

C 1-1/4 2,694 2,854 +6
(6 Units)

aAverage of B and C values for consumption before foaming.

Table 6. Performance Ratings of PUF Roofing System on Galley

at Naval Facility, Cape Hatteras, N.C.

[Self-adhering membrane, 2-1/4-in. of PUF (2.5 lb/ft 3 ),

25 mils of acrylic, and mineral roofing granules]

No. Performance

of a Remarks
YearsRatingYears

VG-E Few small blisters. Foam well adhered to

edge flashing.

2 VG-G Additional blistering. Coating alligatoring
on top of blisters. No edge problem.

-- 4.5 F-G Westerly end - Up to 100 blisters. Top lift
of PUF or foam membrane (3-in. diam to 12 in.).
Small area PUF pulling loose from flashing.

4.5 VG Easterly end - Only 1 blister. Foam bonded
well around edge. System performing well.

aE Excellent; VG Very Good; G Good; F Fair; P Poor.
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Figure 1. Typical experimental house with low slope concrete roof
deck. Note tropical foliage, which is often dense, and
roof mounted TV antenna. Naval Station, Roosevelt
Roads, P.R.

I !

Figure 2. Overview of old BUR on Galley, Naval Facility, Cape
Hatteras, N.C.
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* •Figure 3. The self-adhering membrane (SAM) after application

to the gypsum concrete fill of the roof of the Galley,

Naval Facility, Cape Hatteras, N.C.

S....

Figure 4. Workman remove PUF and SAM from damp area of Galley's

roof where SAM did not adhere to gypsum concrete fill.
Naval Facility, Cape Hatteras N.C.

• ' 28
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'.

Figure 5. PUF being sprayed directly onto the SAM that adhered
to the gypsum concrete fill of the Galley. Naval
Facility, Cape Hatteras, N.C.

Figure 6. Applying gray acrylic elastomer base coat (coating B1)
to PUF on the Galley's roof. Naval Facility, Cape
Hatteras, N.C.
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Figure 9. System 2 -Silicone without granules. Condition rated
good except for damage from TV mast. Naval Station,
Roosevelt Roads, P.R.

.-

Figure 10. System 2 - Silicone without granules. Pattern of
punctures indicates TV mast may have been "walked"
across the roof while steadied with guy wires.
Naval Station, Roosevelt Roads, P.R.
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0 Figure 11. System 2 - Silicone with fungicidal granules. In good
conuition despite accumulation of leaves and tree limb
erosion. Naval Station, Roosevelt Roads, P.R.

0g

-. Figure 12. System 2 - S'licone with fungicidal granules. Typical
palm tree erosion but minimal fungus or algae growth.
Naval Station, Roosevelt Roads, P.R.
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@"Figure 13. System 1 Acrylic elastomer without granules. Severe
. .", iaccumulation of dead tree limbs and leaves; plants

.. growing in punctures. Naval Station, Roosevelt Roads,

- , -. _, ,

"-P.

i'- 'iFigure 14. System 1 -Acrylic elastomer with regular granules.

°- .'

. .. Dense accumulation of tree leaves and other debris.
""Tree roots growing in PUF are breaking it into pieces.

r '. Naval Station, Roosevelt Roads, P.R.
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0
Figure 15. System 2 - Silicone with regular granules. Typical

PUF flashings coated with heavy coat of silicone are

in excellent condition. Naval Station, Roosevelt

Roads, P.R.

00

,..

Figure 16. System 2 - Silicone with regular granules. Poor
performance due to coating being applied too thin.

Note pedestal for incoming electrical service and
* .loss of granules because of inadequate coating

thickness and improper granule embedment. Naval

Station, Roosevelt Roads, P.R.

.34
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* Figure 17. System 5 - Butyl/hypalon system without granules.
Very good performance except for large puncture and

some bleeding of the butyl base coat on left side
(discoloration and streaking). Note pedestal for

incoming phone service. Naval Station, Roosevelt
Roads, P.R.

Figure 18. System I - Acrylic elastomer without granules.
Performance rated good in spite of fungal stains all

over roof particularly along edge of foam. Note
electrical and telephone service wires laying on top
of acrylic coating. Naval Station, Roosevelt Roads, P.R.
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Figure 19. System I - Acrylic elastomer with fungicidal granules.

Condition very good except for punctures near pipe.
Note wires laying on or near coated surface. Naval
Station, Roosevelt Roads, P.R.

Figure 20. System 1 - Acrylic elastomer coating with fungicidal
granules. Close-up of rough surface texture. There
is no foam flashing around pipe and punctures in

coating adjacent to pipe. Naval Station, Roosevelt

Roads, P.R.
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Figure 21. Close up of System 1I Acrylic elastomer without
granules. Note punctures caused by antenna masts,
and very rough foam surface texture. Naval Station,
Roosevelt Roads, P.R.
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Figure 25. System 2 -Silicone without granules. System in very
good condition. Naval Station, Roosevelt Roads, P.R.

7U4

Figure 26. System 3 -Urethane/hypalon without granules in good
condition. Fungus growth in valleys of rough surface
texture gives roof a dark gray appearan-' Naval
Station, Roosevelt Roads, P.R.

39



Figure 27. System 3 - Urethane/hypalon without granules. Close up
of single puncture on roof. Fungus growth heavy in
valleys of verge-of-popcorn surface texture. Naval
Station, Roosevelt Roads, P.R.

Figure 28. System 4 - Aluminum-pigmented, modified urethane with-
out granules. Coating system has completely failed.
PUF exposed to UV degradation for some time. Naval
Station, Roosevelt Roads, P.R.
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* Figure 29. System 4 - Aluminum-pigmented, modified urethane
without granules. Coating and PUF have been severely
degraded. Note severely degraded areas of foam that
hold water; still no leaks were reported. Naval
Station, Roosevelt Roads, P.R.

Figure 30. System 5 - Butyl/hypalon without granules rated
excellent. Naval Station, Roosevelt Roads, P.R.
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* Figure 31. System 5 - Butyl/hypalon without granules in very good
condition. Coating thickness complied with specification.
Only one puncture was noted. Naval Station, Roosevelt
Roads, P.R.

**

A%

. .. --

Figure 32. Acrylic elastomer coated foam roof on the Galley,
Naval Facility, Cape Hatteras, N.C., showed mild

" blistering after I year and dense blistering on
westerly half after 4.5 years.

42

.I2-



Appendix A

EXPERIMENTAL POLYURETHANE FOAM (PUF) ROOFING SYSTEMS:

MATERIAL AND SOURCES

NAVAL STATION, ROOSEVELT ROADS, P.R.

* AND
NAVAL FACILITY, CAPE HATTERAS, N.C.
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I. EXPERIMENTAL VARIABLES AND MATERIAL SOURCES

A. Polyurethane Foam (PUF) - 3 lbicu ft density:

1. CPR Upjohn - CPR 485-3 CPR Division,
The Upjohn Company
555 Alaska Avenue
Torrance, CA 90503

2. CPR Upjohn - CPR 468-3 CPR Division, The

Upjohn Company

3. Witco - SS 0125A/SS 0126B Isocyanate Products Inc
900 Wilmington Road

New Castle,DE 19720
(formerly Isocyanate
Products Division,

Witco Chemical)

4. CPR Upjohn - CPR 485-2.5 CPR Division,
The Upjohn Company

B. Elastomeric Coating Systems:

1. Acrylic - Diathon United Coatings

1130 Last Sprague Ave
Spokane, WA 99202

2. Silicone - 3 - 5000 Dow Corning Corp
Midland, MI 48640

3. Urethane - Irathane 300 Irathane Systems, Inc
Hypalon - Irathane 157 Industrial Park

Hibbing, MN 55746

4. Modified Urethane Carboline
Roof-Flex 145 350 Industrial Ct.
Roof-Flex 155 St Louis, MO 63144

5. Butyl - Elastron 858 United Coatings
Hylon - Elasto-mir 35 1130 East Sprague Ave

Spokane, WA 99202

C. Mineral RoofJng Granules

1. Plain 3-M Company
2. Fungus and algae resistant St Paul, MN 55101

D. Self-Adhering Membrane (SAM)

1. Heavy Duty Bituthene W.R. Grace & Co.
Cambridge, MA II.
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I1. APPLICATION SPECIFICATIONS

A. Coating Systems

Coating System BI - United Coatings Diathon

1. Apply Diathon in two coats at a rate of 1-1/2 gallons per

100 ft2 for a wet film thickness of 25 mils.

2. Total dry film thickness should be 30 mils.

3. Dry base coat for a minimum of 18 to 24 hours, and longer
if necessary, before applying topcoat.

Coating System B2 - Dow Corning Silicone 3-5000

1. Apply the base coat, 3-5000 gray and the topcoat, 3-5000
white, at a rate of 1 gallon per square for a wet film

thickness of 10 to 11 mils, and a dry film thickness of
7.5 mils.

2. Total minimum dry film thickness shall be 15 mils.

3. For systems specified at 22 mils minimum dry film
thickness, apply both coats at a rate of 1-1/2 gallons per
100 ft2 for a nominal wet film thickness of 15 mils and a
dry film thickness of 11 mils.

4. Cure base coat 6 to 24 hours before applying topcoat.

Coating System B3 - Irathane System Weather/Flex

1. Apply the base coat, Irathane 300 urethane elastomer, at a
rate of 2 gallons per 100 ft2 for a nominal wet film
thickness of 30 mils and a dry film thickness of 15 mils.

2. Apply the topcoat, Irathane 157 hypalon, at a rate of
I gallon per 100 ft2 for a nominal wet film thickness of
20 mils and a nominal dry film thickness of 5 mils.

3. Total minimum dry film thickness shall be 20 mils.

4. Apply the topcoat as soon as base coat is dry. Topcoat
must be applied within 24 hours, if not, a special

conditioner is required before applying the topcoat.

A-3



Coating System B4 - Carboline Roof-Flex

1. Apply the base coat, Roof-Flex 145 (black), at a rate of
3 gallons per 100 ft 2 for a nominal wet film thickness of
41 mils and a minimum dry film thickness of 40 mils.

2. Apply the topcoat, Roof-Flex 155A (aluminum), at a rate of
1 gallon per 100 ft2 for a nominal wet film thickness of
14 to 15 mils and a dry film thickness of 8 to 10 mils.

3. Total minimum dry film thickness for this system shall be

40 mils.

Coating System B5 - United Coatings Elastron 858/Elastro-mir 35

1. Apply base coat, Elastron 858 (tan butyl), at a rate not
less than 2-1/2 gallons per 100 ft2 for a nominal wet film
thickness of 39 mils and a minimum dry film thickness of
19 mils.

O 2. Apply topcoat, Elastro-mir 35 (white hypalon) at a rate of
I gallon per 100 ft2 for a nominal wet film thickness of
12 mils and a dry film thickness of 4 mils.

3. Total minimum dry film thickness shall be 23 mils.

4. Cure base coat for 24 hours before applying topcoat.

B. Mineral Roofing Granules (white)

1. Apply granules with a sandblaster, modified to control pressure
at 10 to 20 psi, at a rate of at least 50 lb/100 ft2 .

2. Apply granules into wet topcoat (the second coat) within

5 minutes.

3. Apply granules in a minimum of two passes at right angles. The
finished granule system shall be uniform over the entire
surface.

4. Permit no traffic on rooftop for 24 hours after granules have
been applied.

A-4
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Appendix B

TOTAL ELECTRICAL CONSUMPTION DATA
FOR

I NAVAL STATION, ROOSEVELT ROADS, P.R.
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Appendix B

rOTAL ELKCTRICAL CONSUMPTI,!N DATA FOR NAVAL bTATION, ROoSEVELT ROADS, P.R.
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DISTRIBUTION LIST

AF IS (ESS (DEFEM). Kadena, JA: ABUDER, Patrick AFB, FL
AFB 82ABGi DEMC. Williaims AZ: ABG'DEE (F. Nethers), Goodfellow AFB TX: DET Wright- Patterson OH:

HIQ MAC. DEEE. Scott AFB,. IL: Hqt Space Conli;Dceq (P. Montoya) Peterson AFB, CO; SAMSO MNND.
Norton AFB CA: Samso/Dec (Sauer) Vandenburg. CA: Scol of Engrng (AFITIDET)

AFESC DEB. Tyndall, FL: DEMM (Strother). Tyndall AFB, FL: HO AFESC/DE (D Firman) Tyndall AFB.
FL: ' it AFESC DE (H1 Marien). Tyndall AFB, FL; HO0 AFESCFI'ST, Tvndall AFB, FL

ARMY ARDC. Library, Dover, MH: BMDSC-RE (H. McClellan) Huntsville AL; Contracts -Facs Engr
Directorate. Fort Ord, CA: DAEN-CWE-M, Washington DC; DAEN-MPE-D Washington DC:
DAEN-MPU, Washieton DC; ERADCOM Tech Supp Dir. (DELSD-L) Ft. Monmouth, NJ: FESA-E
(Kralewkski). Fort Bel'oir VA: FESA-E, Fort Belvoir. VA: FESA-EN. Fort Belvoir. VA: HQDA
(DAEN-ZCM): POJED-O. Okinawa. Japan: Tech. Ref. Div., Fort Huachuca, AZ

ARMY - CERL (M. Shahin). Champaign, IL; Library. Champaign IL; Rosenfield, Champaign. IL: Spec Assist
for MILCON. Champaign, IL

ARMY CORPS OF ENGINEERS MRD-Eng. Div., Omaha NE: Seattle Dist. Library. Seattle. WA
- ~'ARMY CRREL C. Korhonen. Hanover, NH; 6. Phetteplace. Hanover, NH W. Tobiasson. Hanover, NH

ARMY DEPOT FAC ENGR. CODE SDSLE-SF. Letterkenny Army Dp, Chambersburg.
ARMIY ENGR DIST. Library, Portland OR
ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoe. Watertown, MA
ARMY MISSILE R&D CMD Ch, Does, Sci Info Ctr. Arsenal, AL
ARMY-BELVOIR R&D CFR CFLO Engr. Fort Belvior. VA; STRBE-AALO, Ft Belvoir, VA;

STRBE-BLORE. Ft Belvoir, VA: STRBE-WC. Ft. Belvoir. VA
ADMINSUPU PWO, Bahrain
BUREAU OF RECLAMATION (Mail Code 1521) B. Jones, Denver. CO; Code 1512 (C. Selander) Denver CO

0 CBC Code 10, Davisville. RI; Code 155. Port Hueneme, CA: Code 430, Gulfport, MW Code 470.2. Gulfport,
MS: Dir. CESO, Port Hueneme, CA: Library, Davisville, RI; PWO (Code 80), Port Hueneme, CA: PWO.

* . Davisville. RI; PWO, Gulfport. MS; Tech Library, Gulfport, MS
CINCLANTFLT Civil Eng Supp Plans Offr, Norfolk, VA
CNO Code NOP-964, Washington DC; Code OP 987 Washington DC; Code OP-413 Wash, DC; Code OP-987J,

Washington. DC: Code OPNAV 09B24 (H)
COMFAIRMED SCE (Code N55), Naples, Italy
COMFLEACT PWC (Engr Dir), Sasebo, Japan; PWO. Okinawa, Japan; PWO, Sasebo, Japan
COMFLEACT, OKINAWA PWO, Kadena, Japan
COMNAVAC'F PWO, London. England
COMNAVMARIANAS CO, Guam
COMNAVMEDCOM Code 43. Washington. DC
COMNAVRESFOR Code 08, New Orleans, LA
COMNAVSUPPFORANTARCTICA DET, PWO, Christchurch. NZ

* COMOCEANSYSLANT Fac Mgmt Offr, PWD. Norfolk, VA
COMOCEANSYSPAC SCE, Pearl Harbor, HI
COMSUBDEVGRUONE Operations Offr, San Diego. CA
NAVOCEANCOMCEN CO. Guam, Mariana Islands; Code EES. Guam, Mariana Islands
DEPT OF ENERGY Tech Library (Reports Sta), Idaho Falls. ID
DLSIE Army Logistics Mgt Center. Fort Lee. VA
DTIC Alexandria, VA

9 DTNSRDC Code 4111 (R. Gierich). Bethesda MD: Code 4120. Annapolis. MD; Code 421.1 (A. Kaletka),
Bethesda. MD, Code 522 (Library). Annapolis MD

ENVIRONMENTAL PROTECTION AGENCY Reg- III Library. Philadelphia PA: Reg. ViII. 8M-ASL.
Denver CO

% FAA (Fowler) (Code APM-740. Wash. DC
FCTC LANT, PWO. Virginia Bch, VA
FMFPAC G5 (SCIAD), Camp HM Smith, HI

or FOREST SERVICE Engrg Staff. Washington. DC
GIDEP OIC. Corona. (CA
GSA Assist Comm Des & Cnist (FAIA) 1) R Dibncr Washington. DC :Off of Decs & Const-PCDP (D Eakin)

Washington. D)C
HUDI-FIIA Kolodin. Washington. D(
IRE.ITTD Input I'roc [)ir (R. Dainford). Eagan, N
L.IBRARY OF CONGRESS Washington. D(C (Sciences & lech 1)is)
MARCORDIST 12. (ode 4. San Francisco. CA

* - MARCORPS AIR (INI) COMBAT UI'R XCOS Fac Engr. Okinawa. Japan
MARINE C'ORPS BASE AC(OS Fac engr. Okinawa. Code 4.111 (As Chief Fngr) ('amp I1cnidleton. CA: Code

406, Camp I.ejcune. NC: Dir. Maint Control. PWI). ()kinassa. Japan: Maint Ofc. (amp Pendleton. CA;
% PWO. ('amp Lejeune. NC: PWO. (Camp Pendleton ('A

MARINE CORPS HQTRS Code LFF-2. Washington DC
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MCAS Facil. Engr. Div. Cherry Point NC
MCAF Code C144, Quantico, VA
MCAS Code 3JA2, Yuma, AZ; Facs Maint Dept - Operations Div, Cherry Point; PWO, Kaneohe Bay, HI;

PWO, Yuma AZ
MCDEC NSAP REP, Quantico VA; PWO, Ouantico, VA
MCLB Maintenance Officer, Barstow, CA; PWO (Code B520), Barstow. CA; PWO. Barstow CA
MCRD SCE. San Diego CA
NAF Dir, Engrg Div, PWD, Atsugi. Japan; PWO, Atsugi Japan; PWO. Misawa, Japan
NALF OIC. San Diego. CA
NAS CO. Adak. AK; Code OL, Alameda, CA; Code 163, Keflavik. Iceland; Code 182, Bermuda; Code 183,

Jacksonville, FL; Code 18700, Brunswick, ME; Code 22, Patuxent River. MD; Code 70. Atlanta. Marietta
GA: Code 8E, Patuxent River, MD; Code 8EN, Patuxent River, MD; Dir, Engrg Div. Millington, TN;
Director, Engrg. Div; Engr Dept, PWD. Adak. AK; Engrg Dir. PWD, Corpus Christi. TX: Fac Plan Br Mgr
(Code 183), NI, San Diego, CA; Lead CPO. PWD. Self Help Div, Beeville. TX; P&E (Code 1821H),
Miramar. San Diego. CA; PWD Maint Div, New Orleans, LA; PWD, Maintenance Control Dir., Bermuda;
PWO New Orleans, LA; PWO, Beeville, TX; PWO, Cecil Field, FL; PWO, Dallas TX; PWO. Glenview IL;
PWO. Keflavik. Iceland; PWO, Key West, FL; PWO, Millington, TN; PWO, Milton, FL; PWO. Miramar,

-- San Diego, CA; PWO. Oceana. Virginia Beach. VA; PWO, Sigonella, Sicily; PWO, South Weymouth. MA;
SCE Norfolk, VA; SCE, Barbers Point, HI; SCE, Cubi Point, RP; Security Offr, Kingsville, TX

NATL RESEARCH COUNCIL Naval Studies Board, Washington DC
NAVADMINCOM SCE, San Diego. CA
NAVAIRDEVCEN Code 832, Warminster, PA; Code 8323, Warminster, PA
NAVAIRENGCEN Dir. Engrg (Code 182), Lakehurst, NJ; PWO, Lakehurst, NJ
NAVAIREWORKFAC Code 100, Cherry Point, NC; Code 612, Jacksonville. FL; Code 640, Pensacola FL;

Code 64116. San Diego, CA; SCE, Norfolk, VA
NAVAIRTESTCEN PWO, Patuxent River. MD

* NAVAUDSVCHQ Director, Falls Church VA
NAVAVIONICCEN PWO, Indianapolis, IN
NAVCAMS PWO. Norfolk VA; SCE (Code N-7), Naples, Italy; SCE, Guam, Mariana Islands; SCE, Wahiawa

HI; Security Offr, Wahiawa, HI
NAVCOASTSYSCEN CO. Panama City, FL; Code 2230 (J. Quirk) Panama City, FL; Code 630. Panama City,

FL; PWO, Panama City, FL; Tech Library, Panama City, FL
NAVCOMMSTA Code 401, Nea Makri, Greece; Dir, Maint Control, PWD. Diego Garcia; PWD. Maint.

Control Dir. Thurso UK; PWO. Exmouth, Australia
* NAVCONSTRACEN Code B-I, Port Hueneme, CA

NAVEDTRAPRODEVCEN Tech Library, Pensacola, FL
NAVEODTECHCEN Tech Library, Indian Head, MD
NAVFAC Maint & Stores Offr, Bermuda: PWO (Code 50). Brawdy Wales, UK: PWO. Centerville Bch,

Ferndale CA
NAVFACENGCOM Code 03, Alexandria, VA; Code 032E, Alexandria, VA: Code 03T (Essoglou), Alexandria.

VA; Code 04B3. Alexandria, VA; Code 04M. Alexandria, VA; Code 051A, Alexandria, VA; Code (1812.
Alexandria. VA: Code 09M124 (Tech Lib), Alexandria, VA; Code 100. Alexandria, VA; Code 1113,
Alexandria. VA; Code IIIB (Hanneman), Alexandria, VA; Code 112, Alexandria, VA; Code 113C.
Alexandria, VA

NAVFACENGCOM -CHES DIV. Code 102 (A Lee). Washington, DC; Code 403 Washington DC; Code 406C.
Washington, DC; FPO-l Washington, DC; Library, Washington, D.C.

NAVFACENGCOM - LANT DIV. Br Ofc, Dir. Naples, Italy; Code 102 (C. Welsh), Norfolk VA; Code 111,
Norfolk. VA; Code 1112, Norfolk. VA; Code 401, Norfolk. VA; Code 403, Norfolk, VA; Library, Norfolk.
VA

-" ". NAVFACENGCOM - NORTH DIV. Code 04, Philadelphia. PA; Code 04AL, Philadelphia PA; Code 09P,
Philadelphia, PA; Code 102 (C Tong). Philadelphia, PA; Code 11, Philadelphia, PA; Code III.
Philadelphia. PA: ROICC. Contracts, Crane IN

,2" ."-'2 NAVFACENGCOM -PAC DIV. (Kyi) Code 101, Pearl Harbor, HI; Code 09P. Pearl Harbor. HI; Code 102 (F

Minato). Pearl Harbor, HIE Code 4(12. RDT&E, Pearl Harbor, HI; Library, Pearl Harbor, HI
NAVFACENGCOM - SOUTH DIV. Code 102. Charleston. SC; Code 1112, Charleston, SC; Code 403. Gaddy.

Charleston. SC; Code 406 Charleston. SC; Library. Charleston, SC
NAVFACEN(;COM - WL*i DIV. (9P'20. San Bruno. CA; Code 014B. San Bruno. CA; Library. San Bruno,

CA; RI)T&E LnO. San Bruno. CA
NAVFACENGCOM CONIRACIS AROI(C. Quantico. VA; DROICC. Lcmoore. ('A: DROI('C. Santa Ana.

(A; O1CC. Guam; OIC'-ROICC. NAS Oceana. Virginia Beach, VA; OICCROICC. Norfolk. VA; ROIC(
(Code 495). Portsmouth. VA: ROICC. ('odL 1. Silverdale. WA; ROICC. Corpus Christi. TX; ROICC.
Keflavik. Iceland; ROI('. Ke. West. Fl; ROICC. Twentyninc Plams, CA; ROI('C AROICC. Brooklyn.
NY: ROICCOI(C. SPA. Norfolk. VA; SW Pac. Dir, Engr Div. Mania. RP; SW Pac, 01CC. Manila. RP;
[rident. OIC, St Marys, GA

NAVIIOSP ('E. Newport. RI; I)ir. IFngrg 1);v. Camp lejeune. NC: I.t Barron, Yokosuka. Japan; PWD - Engr
Div. Beaufort, SC; PWO, Guam. Mariana Islands; SCE. ('amp Pcndlton (A: SC, Pensacola FL.; S('E,
Yokosuka. Japan
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NAVMAG Engr Dir. PWD. Guam. Mariana Islands: SCE, Subic Bay RP
NAVMEDCOM NWREG, Head. Fac Mgmt Dept. Oakland. CA; SEREG, Head. Fac Mgmt Dept, Jacksonville.

FL: SWREG, OICC, San Diego. CA
NAVOCEANSYSCEN Code 523 (Hurley). San Diego. CA; Code 67WM), San Diego. CA; Code 811 San )iego.

('A: Code 964 (Tech Library). San Diego. CA
NAVORDMISTESTSTA Dir. Engrg. PWD. White Sands. NM
NAVORDSTA Dir. Engr Div, PWD. Indian Head. MD: PWO, Louisville KY
NAVPEFI'RES Director. Washington DC
NAVPGSCOL Code 1424. Library, Monterey. CA: PWO. Monterey, CA

-'- . NAVPHIBASE PWO Norfolk. VA: SCE. San Diego. (A
NAVRESREDCOM Commander (Code 072). San Francisco. CA
NAVSCSCOL PWO. Athens GA
NAVSEASYSCOM Code (16114. Washington. DC

* , . NAVSECGRUACT PWO (Code 305). Winter Harbor, ME; PWO (Code 40). Edzell. Scotland:. PWO. Adak
AK; PWO. Sabana Seca. PR

NAVSECSTA PWD - Engr Div. Wash.. DC
NAVSHIPYD CO. Pearl Harbor. HI Code 202.4. Long Beach. CA; Code 202.5 (Library). Bremerton. WA:

Code 380. Portsmouth, VA: Code 382.3. Pearl Harbor. HI: Code 440, Bremerton, WA: Code 440.
Bremerton, WA; Code 440. Norfolk. VA: Code 440. P..tsmouth. NH: Code 440.4. Bremerton. WA; Code
457 (Maint Supr). Vallejo. CA: Dir. PWD (Code 421). Portsmouth. VA: Library. Portsmouth. NH: PWD
(('ode 450-HD). Portsmouth. VA; PWD (('ode 453-HD) Shop 03. Portsmouth, VA; PWD, Long Beach. CA.
PWO. Bremerton. WA: PWO. Mare Island. Vallejo. CA: SCE. Pearl Harbor. HI; Util Supt (Code 453).

Vallejo. CA
NAVSTA CO. Brooklyn. NY: CO. Long Beach. CA: Code 18. Midway Island: Dir Mech Engr 37WC93

Norfolk. VA: Dir. Engr Div. PWD (Code 182WM)). Mayport. FL: Dir, Engr Div. PWD. Guantanamo Bay.
Cuba: Engrg Dir. Rota. Spain: Maint Control Div. Guantanamo Bay. Cuba: PWO. Mayport. FL: SCE.
Guam. Marianas Islands: SCE. Pearl Harbor HI: SCE. San Diego CA; SCE. Subic Bay. RP: Util Engrg
Offr. Rota. Spain

NAVSUPPACT CO. Naples. Italy: PWO. Naples. Italy
NAVSUPPFAC Dir. Maint Control Div. PWD. Thurmont. MD
NAVSURFWPNCEN Code E211 (C. Rouse). Dahlgren. VA: PWO. Dahlgren. VA
NAVTECHTRACEN SCE. Pensacola FL
NAVWARCOL Fac Coord (Code 24), Newport. RI
NAVWPNCEN Code 2634. China Lake. CA: Code 2636. China Lake, CA; DROICC (Code 702). China Lake.

- CA: PWO (Code 266). China Lake. CA
NAVWPNSTA Code 092. Concord CA- Code 092A. Seal Beach. CA: Dir. Maint Control. PWD. Concord, CA:

K.T. Clebak. Colts Neck. NJ; PWO, Charleston, SC; PWO, Code 09B. Colts Neck. NJ; PWO. Seal Beach,
CA

NAVWPNSTA PWO, Yorktown, VA
NAVWPNSTA Supr Gen Engr, PWD, Seal Beach. CA

* NAVWPNSUPPCEN Code 09 Crane IN
NETC Code 42. Newport. RI; PWO, Newport, RI: Utilities Dir (Code 46), Newport, RI
NMCB FIVE. Operations Dept; THREE. Operations Off.
NOAA Library, Rockville, MD
NRL Code 5800 Washington, DC
USCG Code 2511 (Civil Engrg), Washington. DC
NSC Code 54.1. Norfolk, VA; SCE, Charleston. SC; SCE, Norfolk. VA
NSD SCE. Subic Bay, RP
OCNR Code 126, Arlington, VA
OFFICE SECRETARY OF DEFENSE OASD (MRA&L) Dir. of Energy, Pentagon, Washington, DC
OCNR Code 221. Arlington, VA; Code 700F. Arlington. VA
PACMISRANFAC PWO, Kauai, HI
PHIBCB 1. P&E. San Diego. CA; 2, Co. Norfolk, VA
PMTC Code 5054-S. Point Mugu. CA
PWC ACE (Code 110). Great Lakes. IL; ACE Office. Norfolk. VA: CO (Code 613), San Diego. CA; Code 10.

4 .' Great L.akes. I1.: Code 10, Oakland. ('A; Code 11 (Library). Oakland. CA: Code 102. Maint Plan &
Inspec. Oakland. CA: Code III0. Oakland. CA; Code 123-C. San Diego. CA; Code 200. Guam, Mariana
Islands; Code 41M). Pearl Harbor. HI: Code 4(M). San Diego, CA; Code 420. Great Lakes. IL; Code 421.
Oakland. CA; Code 422. San Diego. CA; Code 423. San Diego. CA: Code 424. Norfolk. VA; Code 5W).
Norfolk. VA; Code 5(X). Oakland. CA; Code 5(05A. Oakland. CA: Code 512 (L Williams), Subic Bay, RP:
('ode 6111, San Diego Ca: Code 614. San Diego. CA: Dir Maint Dept (Code 500), Great Lakes. IL; Dir.
Serv Dept (Code 4(X)). Great Lakes. IL; Dir. Transp Dept (Code 70). Great Lakes. IL; Dir. Util Dept
(('ode 60)). Great Lakes, IL: Library (Code 134). Pearl Harbor. HI; Librar, Guam. Mariana Islands%.
Library. Norfolk. VA: Library. Pensacola. FL; Library, Yokosuka JA: Prod Offr. Norfolk. VA; Tech
Library. Subic Bay. RP; Util Dept (R Pascua) Pearl Harbor. HI: Util Offr. Guam. Mariana Island

SPCC PWO (Code 08X). Mechanicsburg, PA
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SUPSHIP Tech Library, Newport News, VA
TENNESSEE VALLEY AUTHORITY Solar Grp (W4-C143), Arch Br. Knoxville, TN
U.S. MERCHANT MARINE ACADEMY Reprint Custodian, Kings Point, NY
US DEPT OF INTERIOR Nat'l Park Serv (RMR/PC) Denver, CO
USAF 92d CES/DEMC (EMCS Mgr) Fairchild AFB, WA
USAF REGIONAL HOSPITAL SGPM, Fairchild AFB, WA
USAFE HQ DE-HFO, Ramstein AFB, Germany
USCG G-MMT-4/82 (J Spencer); Library Hqtrs, Washington, DC
USCG R&D CENTER Library, Groton, CT
USNA Ch. Mech. Engr. Dept Annapolis MD; Energy-Environ Study Grp, Annapolis, MD; Mech. Engr. Dept.

(C. Wu), Annapolis MD; Mgr, Engrg, Civil Specs Br, Annapolis, MD
USS FULTON WPNS Rep. Offr (W-3) New York, NY
ADVANCED TECHNOLOGY F. Moss, Op Cen Camarillo, CA
ARIZONA Kroelinger Tempe, AZ; State Energy Programs Off., Phoenix AZ
BALLSTATE UNIVERSITY R. Meden, Muncie, IN
BERKELEY PW Engr Div, Harrison, Berkeley, CA
BONNEVILLE POWER ADMIN Portland OR (Energy Consrv. Off., D. Davey)
CALIFORNIA STATE UNIVERSITY C.V. Chelapati, Long Beach, CA
CITY OF AUSTIN Resource Mgmt Dept (G. Arnold),Austin, TX
CITY OF LIVERMORE Project Engr (Dackins), Livermore, Ca
CONNECTICUT Office of Policy & Mgt, Energy, Div, Hartford, CT
CORNELL UNIVERSITY Library, Ser Dept, Ithaca, NY
DAMES & MOORE LIBRARY Los Angeles, CA
DRURY COLLEGE Physics Dept, Springfield, MO
FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies Library)
FRANKLIN INSTITUTE M. Padusis, Philadelphia PA
GEORGIA INSTITUTE OF TECHNOLOGY Col. Arch, Benton, Atlanta, GA
HARVARD UNIVERSITY Arch Dept (Mk Kim), Cambridge, MA
HAWAII STATE DEPT OF PLAN. & ECON DEV. Tech Info Ctr, Honolulu, HI
IOWA STATE UNIVERSITY Dept. Arch, McKrown, Ames, IA
KEENE STATE COLLEGE Keene NH (Cunningham)
LAWRENCE LIVERMORE LAB L-90 (F.J. Tokarz). Livermore, CA
LEHIGH UNIVERSITY Linderman Libr, Ser Cataloguer, Bethlehem, PA
LOUISIANA DIV NATURAL RESOURCES & ENERGY Div Of R&D, Baton Rouge, LA
MAINE OFFICE OF ENERGY RESOURCES Augusta, ME
MISSOURI ENERGY AGENCY Jefferson City MO
MIT Engrg Lib, Cambridge, MA; Hydrodynamics Lab (Harleman), Cambridge, MA
MONTANA ENERGY OFFICE Anderson, Helena, MT
NATURAL ENERGY LAB Library, Honolulu, HI
NEW HAMPSHIRE Concord NH (Governor's Council on Energy)
NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM
NY CITY COMMUNITY COLLEGE Library, Brooklyn, NY
NYS ENERGY OFFICE Library, Albany NY
OAK RIDGE NATL LAB G. Courville. Oak Ridge. TN, T. Lundy. Oak Ridge. TN
PORT SAN DIEGO Proj Engr, Port Fac, San Diego, CA
PURDUE UNIVERSITY Lafayette, IN (CE Engr. Lib)
SEATTLE U Prof Schwaegler Seattle WA
SRI INTL Phillips. Chem Engr Lab. Menlo Park.C
TEXAS A&M UNIVERSITY W.B. Ledbetter College Station, TX
UNIVERSITY OF CALIFORNIA Energy Engineer, Davis CA; LIVERMORE, CA (LAWRENCE

LIVERMORE LAB, TOKARZ); UCSF. Physical Plant, San Francisco, CA
UNIVERSITY OF DELAWARE Cisl Engrg Dept (Chesson), Newark, DE
UNIVERSITY OF FLORIDA Dept Arch., Morgan, Gainesville, Ft.
UNIVERSITY OF HAWAII Library (Sci & Tech Div), Honolulu. HI
UNIVERSITY OF ILLINOIS Civil Engrg Dept (Hall). Urbana, IL; Library, Urbana. IL
UNIVERSITY OF MASSACHUSETTS (Heronemus), ME Dept. Amherst. MA
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.)
UNIVERSITY OF NEW HAMPSHIRE Elec. Engr. Depot, Dr. Murdoch. Durham, Ni.t
UNIVERSITY OF TEXAS Inst. Marine Sci (Library). Port Arkansas TX
UNIVERSITY OF TEXAS AT AUSTIN (Prof JN. Thompson), Dept Civil Engrg
UNIVERSITY OF WISCONSIN Great Lakes Studies. Ctr. Milwaukee, WI

6 IVENTURA COUNTY Deputy PW Dir. Ventura. CA
ACEC RESEARCH A.J. Willman, Washington, DC
APPLIED SYSTEMS R. Smith, Agana, Guam
ARVID GRANT Olympia, WA
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ATLANTIC RICHFIELD CO. R.E. Smith. Dallas, TX
BROWN & ROOT Houston TX (D. Ward)
COLUMBIA GULF TRANSMISSION CO. Engrg Lib. Houston, TX
CONSTRUCTION TECH LAB A.E. Fiorato, Skokie. IL
COULTRAP CONSULTING SERVICES Tempe, AZ
DIXIE DIVING CENTER Decatur. GA
ENERCOMP H. Amistadi, Brunswick. ME
FELEC SERVICES, INC. DE-3 (R. McCuddy), Colorado Springs. CO
GARD INC. Dr. L. Holmes, Niles, IL
JOHNSON CONTROLS, INC. Train Dept (D. Albinger), Milwaukee, WI
LINDA HALL LIBRARY Doc Dept, Kansas City. MO
LITHONIA LIGHTING Applications Engrg (B Helton), Conyers, GA
MALCOM LEWIS ASSOC ENGRS INC M. (?lerx. Irvine, CA
MC DERMOTI. INC E&M Division, New Orleans, LA
MCDONNELL AIRCRAFT CO. Sr Engr, Logistics, St Louis, MO
NATIONAL ROOFING CONTRACTORS ASSOC. (LaCosse), Chicago, IL
NEW ZEALAND New Zealand Concrete Research Assoc. (Librarian), Porirua
PG&E Library, San Francisco. CA
PHELPS ASSOC P.A. Phelps. Rheem Valley. CA
PORTLAND CEMENT ASSOC. Skokie IL (Rsch & Dev Lab, Lib.)
RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept, Pennsauken, NJ
ROOFING INDUSTRY EDUCATIONAL INST. Fricklas, Englewood, CO
SANDIA LABORATORIES Library Div.. Livermore CA
SIMPSON GUMPERTZ & HEGER INC Consulting Engrs (E. Hill), Arlington, MA
TEXTRON INC BUFFALO. NY (RESEARCH CENTER LIB.)
TRW SYSTEMS M/S: 951/224 (P.K. Dai), San Bernardino, CA
WARD. WOLSTENHOLD ARCHITECTS Sacramento, CA
WESTINGHOUSE ELECTRIC CORP. Library, Pittsburgh PA
WM CLAPP LABS - BATTELLE Library. Duxbury, MA

. . BRADFORD ROOFING T. Ryan. Billings, MT
S- PETERSEN, CAPT N.W. Camarillo, CA
*' SPIELVOGEL. LARRY Wyncote PA

T.W. MERMEL Washington DC
- ENERGY RESOURCE ASSOC I.P. Waltz. Livermore, CA
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INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of
the mailing label has several numbers listed. These numbers correspond to numbers assigned to the list of
Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and
type of documents you are presently receiving. If you are satisfied, throw this card away (or file it for later
reference).

If you want to change what you are presently receiving:

0 Delete - mark off number on bottom of label.
I Add - circle number on list.
" Remove my name from all your lists - check box on list.

* Change my address - line out incorrect line and write in correction (ATTACH MAILING LABEL).
* Number of copies should be entered after the title of the subject categories you select.

Fold on line below and drop in the mail.

Note: Numbers on label but not listed on questionnaire are for NCEL use only, please ignore them.

Fold on ne and staple.

DEPARTMENT OF THE NAVY

NAA CVLENIEEIGLA3RAOYPOSTAGE AND FEES PAID 1 *
NAV;AIvRTENITEN A RDEPARTMENT OF TrE NAVYPORT HUENEME, CALIFORNIA 93043 m E

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE. 6200

I IND-NCEL.2700/4 (REV. 12.73)
01130-11.L704Ck44

Commanding Officer
Code L14
Naval Civil Engineering Laboratory
Port Hueneme, California 93043
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DISTRIBUTION QUESTIONNAIRE

The Naval Civil Engineering Laboratory is revising its primary distribution lists.

2' SUBJECT CATEGORIES 28 ENERGY/POWER GENEKATION
29 Thermal conservation (thermal engineering of buildings. HVAC

I SHORE FACILTIES systems, energy loss measurement, power generation)
:2 Construction methods and materials (including corrosion 30 Controls and electrical conservation (electrical systems.

control, coatings) energy monitoring and control systems)
3 Waterfront structures (maintenance/deterioration control) 31 Fuel flexibility (liquid fuis, coal utilization, energy
4 Utilities (including power conditioning) from solid waste)
5 Explosives safety 32 Alternate energy source (geothermal power, photovoltaic
6 Construction equipment and machinery power systems, solar systems, wind systems, energy storage
7 Fire prevention and control systems)
8 Antenna technology 33 Site data and systems integration (energy resource data, energy
9 Structural analysis and design (including numerical and consumption data, integrating energy systems)

computer techniques) 34 ENVIRONMENTAL PROTECTION
10 Protective construction (including hardened shelters, 35 Solid waste management

shock and vibration studies) 36 Hazardous/toxic materials management
II Soil/rock mechanics 37 Wastewater management and sanitary engineering
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